What is known and objective: There are few studies examining both drug-drug and drug-disease interactions in older adults. Therefore, the objective of this study was to describe the prevalence of potential drug-drug and drug-disease interactions and associated factors in community-dwelling older adults. Methods: This cross-sectional study included 3055 adults aged 70-79 without mobility limitations at their baseline visit in the Health Aging and Body Composition Study conducted in the communities of Pittsburgh PA and Memphis TN, USA. The outcome factors were potential drug-drug and drug-disease interactions as per the application of explicit criteria drawn from a number of sources to self-reported prescription and nonprescription medication use. Results: Over one-third of participants had at least one type of interaction. Approximately one quarter (25Á1%) had evidence of had one or more drug-drug interactions. Nearly 10Á7% of the participants had a drug-drug interaction that involved a nonprescription medication. % The most common drug-drug interaction was non-steroidal anti-inflammatory drugs (NSAIDs) affecting antihypertensives. Additionally, 16Á0% had a potential drug-disease interaction with 3Á7% participants having one involving non-prescription medications. The most common drug-disease interaction was aspirin/NSAID use in those with history of peptic ulcer disease without gastroprotection. Over one-third (34Á0%) had at least one type of drug interaction. Each prescription medication increased the odds of having at least one type of drug interaction by 35-40% [drug-drug interaction adjusted odds ratio (AOR) = 1Á35, 95% confidence interval (CI) = 1Á27-1Á42; drug-disease interaction AOR = 1Á30; CI = 1Á21-1Á40; and both AOR = 1Á45; CI = 1Á34-1Á57]. A prior hospitalization increased the odds of having at least one type of drug interaction by 49-84% compared with those not hospitalized (drug-drug interaction AOR = 1Á49, 95% CI = 1Á11-2Á01; drugdisease interaction AOR = 1Á69, CI = 1Á15-2Á49; and both AOR = 1Á84, CI = 1Á20-2Á84).
SUMMARY
What is known and objective: There are few studies examining both drug-drug and drug-disease interactions in older adults. Therefore, the objective of this study was to describe the prevalence of potential drug-drug and drug-disease interactions and associated factors in community-dwelling older adults. Methods: This cross-sectional study included 3055 adults aged 70-79 without mobility limitations at their baseline visit in the Health Aging and Body Composition Study conducted in the communities of Pittsburgh PA and Memphis TN, USA. The outcome factors were potential drug-drug and drug-disease interactions as per the application of explicit criteria drawn from a number of sources to self-reported prescription and nonprescription medication use. Results: Over one-third of participants had at least one type of interaction. Approximately one quarter (25Á1%) had evidence of had one or more drug-drug interactions. Nearly 10Á7% of the participants had a drug-drug interaction that involved a nonprescription medication. % The most common drug-drug interaction was non-steroidal anti-inflammatory drugs (NSAIDs) affecting antihypertensives. Additionally, 16Á0% had a potential drug-disease interaction with 3Á7% participants having one involving non-prescription medications. The most common drug-disease interaction was aspirin/NSAID use in those with history of peptic ulcer disease without gastroprotection. Over one-third (34Á0%) had at least one type of drug interaction. Each prescription medication increased the odds of having at least one type of drug interaction by 35-40% [drug-drug interaction adjusted odds ratio (AOR) = 1Á35, 95% confidence interval (CI) = 1Á27-1Á42; drug-disease interaction AOR = 1Á30; CI = 1Á21-1Á40; and both AOR = 1Á45; CI = 1Á34-1Á57]. A prior hospitalization increased the odds of having at least one type of drug interaction by 49-84% compared with those not hospitalized (drug-drug interaction AOR = 1Á49, 95% CI = 1Á11-2Á01; drugdisease interaction AOR = 1Á69, CI = 1Á15-2Á49; and both AOR = 1Á84, CI = 1Á20-2Á84).
What is new and conclusion: Drug interactions are common among community-dwelling older adults and are associated with the number of medications and hospitalization in the previous year. Longitudinal studies are needed to evaluate the impact of drug interactions on health-related outcomes.
WHAT IS KNOWN AND OBJECTIVE
Although the benefits of medication therapy for older adults to treat disease and improve or maintain quality of life are substantial, they must be balanced by their risks. One such risk is potentially inappropriate medication (PIM) use which can be defined as prescribing/use that does not agree with accepted medical standards. [1] [2] [3] Two important specific types of PIM in older adults are drug-drug and drug-disease interactions which increase the risk of adverse drug reactions (ADRs), functional status decline, health services use and mortality in older adults.
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Although various explicit criteria to define drug-drug and drugdisease interactions were available more than two decades ago, they rarely have both been applied to self-reported use of both prescription and non-prescription medications in well-functioning community-dwelling older adults.
2 Even less is known about factors associated with these two types of PIM. This is an important gap in knowledge to be filled so health professionals can a priori better identify those individuals at risk and initiate appropriate preventative measures. Therefore, the study objective was to describe the prevalence of and factors associated with both drug-drug and drugdisease interactions with prescription and non-prescription medications among community-dwelling older adults.
METHODS

Study design, data source and sample
This cross-sectional study used data collected from 3075 Black and White men and women aged 70-79 enrolled in the baseline survey of the Health, Aging and Body Composition (Health ABC) study.
central laboratory repository where batch testing was conducted. Other information collected by questionnaire included demographics, and health behaviour/status factors and physiological and access-to-care factors. Regarding data collection for medication use, participants were asked to bring to clinic all medications they had taken in the previous month. In clinic, the interviewer gathered all prescription and non-prescription drugs and transcribed from the medication container information about the drug name, strength, dosage form, and prescription or non-prescription status. The medication data collected for the Health ABC study was edited and then coded using the Iowa Drug Information System (IDIS) ingredient codes by entry into a computerized database. 10 Twenty participants did not provide medication use information and were excluded from the final sample. Thus, the final sample for these analyses was 3055 participants. 11 
Outcome factors
Potential clinically important drug-drug interactions were detected at baseline by applying explicit criteria for 70 potential drug-drug interactions developed by panels of geriatric experts and/or were found to be a common cause of drug-related hospitalization in the literature prior to the start of this study (Table 2) . [4] [5] [6] [11] [12] [13] [14] Specifically, 13 are from the 2015 update of the American Geriatrics Society Beers criteria.
11 Potential drug-drug interactions were also characterized by their mechanism [i.e. pharmacokinetic (PK) if they involved the alteration in the absorption, distribution, metabolism or excretion of the affected drug (e.g., verapamil interacting with digoxin) vs. pharmacodynamic (PD) if they involved an alteration in the biochemical and physiological effects of the affected drug on the body (e.g., the use of two separate highly anticholinergic medications)]. Similarly, 30 of 32 potential clinically important drug-disease interactions [e.g. non-steroidal anti-inflammatory drugs (NSAIDs) and heart failure] were detected by applying explicit criteria from the 2015 update of the American Geriatrics Society Beers criteria with the remaining two developed by panels of geriatric experts and/or were found to be a common cause of drug-related hospitalization in the literature prior to the start of this study (Table 3) . [4] [5] [6] [12] [13] [14] Valid and reliable self-reported physician-diagnosed disease/conditions assessed for drug interactions included chronic constipation, falls/ fracture history, heart failure, peptic ulcer disease, syncope history, benign prostatic hypertrophy symptoms in men, urinary incontinence in females, Parkinson's disease and seizure disorder. 9 Cognitive impairment was defined as scoring less than 80 on the Modified Mini Mental State examination. 9 We used serum creatinine values, gender and weight to calculate estimated creatinine clearance (eCrClr) to identify participants with stage 3 chronic kidney disease (CKD) (i.e., CrClr < 30 mL/min) using the following CockcroftGault equation. 9 
Independent variables
Based on previous literature, the independent variables included demographics, health behaviour/status factors, and access-to-care factors. [15] [16] [17] Demographics included dichotomous variables for race, sex, site (i.e. Pittsburgh, PA or Memphis, TN where data were collected), education and marital status. We also included a dichotomous and continuous measure for age.
Health behaviour/status categorical variables included current smoking and alcohol use. In addition, dichotomous health status variables included self-reported arthritis, anxiety and severe depressive symptoms (measured by modified short CES-D, score > 10), bodily pain in the previous month, and self-rated health (excellent/very good/good vs. fair/poor). [18] [19] [20] [21] Participants were identified as having diabetes mellitus using an American Diabetes Association validated approach in which they self-reported that a physician told them they had diabetes or sugar diabetes, had current use of one or more antidiabetic medications (e.g., insulin, sulfonylureas, biguanides) or had a fasting glucose ≥126 mg/dL. 9 A categorical variable was included for body mass index (under/ normal [<24Á9], overweight [25Á0-29Á9], obese [30+]). We also included a continuous variable for number of prescription medications to serve as a proxy comorbidity measure. Finally, we included dichotomous access-to-care variables for hospitalization in previous year, having a prescription drug benefit, having a private physician, and whether the participant received an influenza vaccination in the previous year as a proxy for quality of care. 22 
Analyses
Descriptive statistics were used to summarize independent variables and drug-drug and drug-disease interaction variables. We used multinomial logistic regression models with four-level categorical outcome of drug interaction type (none/drug-drug/ drug-disease/both) as the dependent variable; generalized logit link function; each of the demographic, health behaviour/status and access-to-care factors as independent variables; person as the unit of analysis; and stepwise selection approach with an a = 0Á05 criterion for entry into the model to identify a parsimonious set of factors independently associated with drug interactions. 23 Race, sex, age, site, education, marital status, arthritis, depression and bodily pain were forced in based on a priori perception of likely association. We report adjusted odds ratios and 95% confidence intervals from the final model. Because the confidence intervals and commonly reported P-values are specific to the odds ratios reported, we additionally computed type 3 P-values to examine the significance of overall association between an independent variable and multinomial dependent variable while simultaneously considering multiple odds ratios. Briefly, a type 3 P-value is computed by comparing two statistical models fitted with and without the categorical variable, rather than one model as commonly done. Statistical analyses were performed using SAS â (version 9.3; SAS Institute, Inc., Cary, NC, USA).
Ethical approval
This study was approved by the University of Pittsburgh Institutional Review Board.
RESULTS
Demographics, health status and access-to-care factors Table 1 shows the baseline characteristics of the sample. Overall, 62Á7% were less than 75 years of age, slightly more than half were female, and 83Á7% rated their health as excellent/very good or good. Only 9Á2% took five or more drugs.
Prevalence of drug-drug and drug-disease interactions
Over one-third of participants had at least one type of drug interaction. Approximately one quarter (25Á1%) had evidence of one or more potential drug-drug interactions. Nearly 10Á7% of all participants had a drug-drug interaction that involved a non-prescription medication. Table 2 shows the number of drug-drug interactions grouped by major therapeutic classes. The most common major therapeutic class affected by other drugs was cardiovascular medications. The most common drug class affecting other drugs was NSAIDs. The underlying mechanism involved in the majority of drug-drug interactions was pharmacodynamic in nature. Only 66 (2Á16%) had a potential drug-drug interaction involving narrow therapeutic range drugs (i.e. digoxin, lithium, phenytoin, theophylline, warfarin).
Drug-disease interactions occurred in 16Á0% of all participants, with 3Á7% of all participants having one involving non-prescription medications. Table 3 shows that the most common drugdisease interactions (in both sexes) involved those with a history of peptic ulcer disease and taking aspirin/NSAIDs without gastroprotection, or having a history of falls/fractures in those taking one of five CNS medication classes. No drug-disease interactions were detected for those with Parkinson's disease [all antipsychotics (except aripiprazole, quetiapine and clozapine), metoclopramide, prochlorperazine, promethazine] or those with a seizure disorder (bupropion, chlorpromazine, clozapine, maprotiline, olanzapine, thioridazine, thiothixene, tramadol). Table 4 shows the multivariable associations of factors with having only a potential drug-drug interaction, only a drug-disease interaction, or both a drug-drug and drug-disease interaction. When combined, 34Á0% of individuals had one or more potential drug-drug or drug-disease interactions with 38Á2% of these involving a non-prescription medication. Each prescription medication increased the odds of having at least one type of drug interaction by 35-40% [drug-drug interaction adjusted odds ratio (AOR) = 1Á35, 95% confidence interval (CI) = 1Á27-1Á42; drugdisease interaction AOR = 1Á30, CI = 1Á21-1Á40; and both AOR = 1Á45; CI = 1Á34-1Á57]. A prior hospitalization increased the odds of having at least one type of drug interaction by 49-84% compared with those not hospitalized (drug-drug interaction AOR = 1Á49, 95% CI = 1Á11-2Á01; drug-disease interaction AOR = 1Á69, CI = 1Á15-2Á49; and both AOR = 1Á84, CI = 1Á20-2Á84). Those with arthritis were more likely to have either a drugdrug interaction (AOR = 1Á80; CI = 1Á42-2Á27) only or both types (AOR = 2Á85; CI = 1Á83-4Á41), whereas those with excellent/very good self-reported health were less likely to have the same (AORs = 0Á61 and 0Á43; CIs = 0Á45-0Á82 and 0Á28-0Á66, respectively). Those with anxiety symptoms were more likely to have either a drug-disease interaction only or both types (AOR = 1Á55 and 1Á68; CI = 1Á05-2Á27 and 1Á06-2Á66, respectively), whereas other demographic (age, marital status), and health status factors (diabetes, bodily pain, higher body mass index) were associated with one of the three drug interaction categories as shown in Table 4 .
Factors associated with drug interactions
WHAT IS NEW AND CONCLUSION
Principal findings and comparison with previous literature
Slightly more than one-third of well-functioning communityresident adults aged 70-79 years had a potential drug interaction. In contrast, Hanlon et al. had found that only 13Á2% of communitydwelling elders had one or more of these two PIM types in an analysis that was restricted to those involving only eight therapeutic drug classes that included both prescription and nonprescription medications. 24 The difference between these two rates may be due to the sample from the Hanlon et al. study being younger than those from the current study. Other studies to date generally examined only one of the two PIM types, did not consider the overall prevalence of any type of drug interaction and/or did not include non-prescription medications. [1] [2] [3] [15] [16] [17] Nonetheless, some previous studies linked drug interactions with increased risk of ADRs in older adults or causing the ADR. [4] [5] [6] [7] [8] Moreover, one study showed that older adults with either type of drug interaction had an increased risk of decline in performing basic activities of daily living. 24 Only two factors were associated with drug interactions (i.e. number of medications and history of hospitalization in the previous year). The finding that number of drugs was a risk factor is not surprising and was also found in a study examining the risk of drugdisease interactions in older outpatient veterans and it serves as a proxy measure of comorbidity. 15 A possible explanation for prior hospitalization being a risk factor is that it may serve as a proxy for overall disease burden in older adults. 25 These two factors and other demographics and health status factors may be useful in targeting specific segments of older adults for pharmacy intervention.
It is interesting to note that NSAIDs (including aspirin) were the most common drug class involved with both types of drug interactions. This is important as daily NSAID use is common in older adults. A recent study by our group using Health ABC data documented that more than one in ten participants used daily NSAIDs and over a quarter of this use was due to non-prescription NSAID products. 26 Pharmacists should be cognizant that NSAIDs use is generally not recommended first line for management of chronic non-cancer pain due in part to their potential to increase the risk of peptic ulcer disease especially in those with a previous history or in those using other drugs that can cause peptic ulcer disease (i.e. corticosteroid, antiplatelets). 27 In older adults where NSAID use is necessary, gastroprotection with a proton pump inhibitor is recommended. 26 Unfortunately, gastroprotection is underused even in those with a drug benefit. 26 
Strengths and limitations
The strengths of the study include the community-based sample of well-functioning elders. Moreover, state-of-the-art methods were used to collect and numerically code the medication data that included non-prescription products. In addition, we were able to detect both drug-drug interactions with pharmacodynamic mechanisms and drug-disease interactions that cannot be screened with using only computerized pharmacy dispensing data. As with any study, several limitations should be considered. First, because of the cross-sectional design we cannot be specific as to the exact chronological order between our dependent and independent variables. Second, the rate of drug interactions observed in this study may be conservative given that our sample did not have mobility problems, CKD or heart failure. Finally, the extent of generalizability to the entire US older population is not known.
Implications for practice and future research
Our study found that a large number of drug interactions involved non-prescription medications. This point reinforces the need for pharmacist to carefully query older adults about their use of nonprescription medications when taking a medication history. In addition, only two factors were associated with drug interactions. This may allow pharmacist to prioritize screening those with multiple medications or polypharmacy and those recently discharged from the hospital for providing medication therapy management services for older adults.
In conclusion, drug interactions are common among non-frail community-dwelling older adults and associated with the number of medications and a hospitalization during the prior year. Longitudinal studies in older adults are needed to examine the impact of these drug interactions on health-related outcomes such as functional status, health services use and mortality.
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